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FOREWORD 
The Fourth International Workshop of the Bellman Continuum was hosted by  the College of 
Engineering, Kansas State University, Manhattan, in May 1990. The focus was on exposition 
and exchange of ideas on subjects treated by Bellman in his numerous publications. Due to his 
international influence, the workshop was truly international in nature with participants from 
European and Asian countries. 
The first three papers dealt with the further development and application of the concept of 
invariant imbedding. I wish to emphasize the work "concept." For invariant imbedding is truly 
a very general concept, not a technique. Based on this concept, many different echniques and 
applications can be developed. Some of these developments are dynamic programming, neutron 
and particle diffusion applications, numerical solution of boundary value problems, numerical 
solution of unstable problems and nonlinear filtering. I am sure many more different echniques 
and applications can be developed in the future. Particle collision and multiplicity problems were 
treated by invariant imbedding by Srinivasan and Vasudevan. The paper by Ueno and Wang 
attacks the nonlinear integrodifferential equations by using the invariant imbedding concept. 
Nonlinear filtering based on invariant imbedding is used to solve the water resources and water 
pollution problems by Naadimuthu and Lee. 
The well-known dynamic programming technique is essentially based on invariant imbedding. 
In fact, the functional equation of dynamic programming is essentially the invariant imbedding 
equation with the addition of maximization or minimization. One way to avoid the "curse of 
dimensionality" is by the use of invariant imbedding with approximation. The second set of 
three papers deal with application and extension of dynamic programming. Li and Haimes apply 
this technique to the difficult nonseparable multistage processes and Lew uses the dynamic pro- 
gramming algorithm for converting decision tables to optimal decision trees. Iwamoto compares 
integration and optimization by contrasting between the iterative equation for multiple integral 
and the recursive quation for dynamic programming. 
The first significant development on Markov decision process is by the use of dynamic program- 
ming. The paper by Kurano on Markov decision process hows the great advancement since the 
earlier work. The next four papers deal with both stochastic and the control and optimization 
of manufacturing processes. For example, the paper by Rosa-Hatko and Gunn is concerned with 
queuing control in flexible manufacturing systems while the paper by Ojika et al., deals with non- 
linear time optimal control of rotating rigid body. The paper by Jacobs and Semyon investigates 
the quality problem of serial production lines which is a very timely subject due to the fierce 
competition in the manufacturing industry. These authors obtained an asymptotic solution for 
a simple production system with two machines and one buffer line. 
The paper by Odanaka deals with the general area of statistical quality control and dynamic 
quality control. It touches several subjects such as dynamic programming, adaptive control 
and fuzzy decision all of which were developed or heavily influenced by Bellman. This paper 
shows clearly the maturity of this general area and its applicability of practical industrial control 
problems. 
The advancement of fuzzy set theory and its applications over the past 10 years is tremendous. 
Its applicability to the artificial intelligence field appears to be unlimited. Lew develops fuzzy 
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decision tables for expert systems while Esogbue investigates the fuzzy multistage decision prob- 
lem with a branch and bound approach. The very important area of fuzzy relational databases 
is treated by Melton and Shenoi. 
The remaining four papers deal with various aspects of mathematics, from the applied papers 
on quasilinearization and heat transfer to the theoretical ones on lambda matrices and duality 
theorem. 
We are currently planning to hold the Bellman Workshop every two years. The fifth and the 
sixth workshops will probably be held in Yugoslavia nd Japan. 
Finally, I wish to emphasize that we are a loosely organized group for the purpose of promoting 
research on areas which were interesting to Dr. Bellman and participants. We certainly welcome 
anyone who is interested in participating and who has any opinions or suggestions concerning the 
workshop. Dr. Eugene D. Denman has been elected the secretary of the Bellman Society. We 
certainly welcome anyone who is interested in contacting him for any information or opinions. 
E. S. Lee 
Guest Editor 
